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Abstract: Cowpea (Vigna unguiculata) is a neglected crop native to Africa, with an outstanding
potential to contribute to the major challenges in food and nutrition security, as well as in agricul-
tural sustainability. Two major issues regarding cowpea research have been highlighted in recent
years—the establishment of core collections and the characterization of landraces—as crucial to the
implementation of environmentally resilient and nutrition-sensitive production systems. In this work,
we have collected, mapped, and characterized the morphological attributes of 61 cowpea genotypes,
from 10 landraces spanning across six agro-ecological zones and three provinces in Mozambique.
Our results reveal that local landraces retain a high level of morphological diversity without a
specific geographical pattern, suggesting the existence of gene flow. Nevertheless, accessions from
one landrace, i.e., Maringué, seem to be the most promising in terms of yield and nutrition-related
parameters, and could therefore be integrated into the ongoing conservation and breeding efforts in
the region towards the production of elite varieties of cowpea.
Keywords: breeding; cowpea; food security; landraces; morphology; Mozambique; neglected crops
1. Introduction
Cowpea (Vigna unguiculata L. Walp) is a multi-purpose, underutilized legume crop
mostly grown in dry tropical areas [1,2]. The beans are highly nutritive owing to their high
protein and carbohydrate content [3]. The leaves are also rich in calcium, zinc, fiber, and
phytonutrients [4], being an important source of beta-carotene, iron, and protein, whose
deficiency is high among the vulnerable populations of arid and sub-arid countries [5,6].
With the rising interest in orphan crops due to their nutritional potential and ability to
thrive in arid and semi-arid lands, the cultivation of cowpea is being promoted in many
countries, although this crop still has a limited value chain [7,8]. On one hand, cowpea
production is often limited by erratic rainfall patterns and elevated temperatures [1]. For
instance, cowpea plants can produce more than 1000 kg·ha−1, but this number can de-
crease to ca. 300 kg·ha−1, especially when water deficit occurs at the flowering stage [1].
Temperatures above the optimal 16 ◦C cause 4–14% loss in pod set and grain yield de-
pending on cultivars [9]. On the other hand, cowpea cultivation is largely seasonal, and
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many producers lack appropriate storage and postharvest methods that could enhance
the availability of cowpea beyond its natural season [7]. Additionally, field and storage
pests (aphids, leaf beetles, pod borers, and bruchids), low soil fertility, and parasitic weeds
such as Striga gesnerioides (Willd.) Vatke and Alectra vogelii (Benth.) severely affect cowpea
production [10,11].
The bulk of cowpea production and consumption is in sub-Saharan Africa where its
nutritional value and drought tolerance place this crop in a unique position in nutrition-
sensitive food systems to fight malnutrition, particularly among the most vulnerable—
pregnant, lactating women and children under five [8]. However, even though 80%
(7.8 million ha) of cowpea is produced in west and central Africa, the yield in this sub-
region is low, i.e., ca. 0.5 t ha−1 with an estimated per capita consumption of ca. 5 kg
person per year [12]. Despite being native to Africa [13], the domestication center of cowpea
is unclear, but thought to be either in East or West Africa where a high morphological
diversity is found [14]. In accordance, cowpea research has been underway in several
African countries for many years. Breeding activities in sub-Saharan Africa involving
germplasm collection, evaluation, and screening for the identification of lines with high
yield potential resulted in a diverse germplasm collection constituted by 15,003 accessions
from 89 different countries [1]. A core collection of 2062 accessions based on geographical,
agronomical, and botanical descriptors has been established with the aim of discovering
new traits related with resistance and new breeding lines. Cowpea also has several features
suitable for the development of a model plant for genomic studies such as a relatively small
diploid (2n = 2x = 22 chromosomes) genome (~613 Mbp), a short annual life cycle, and a
highly selfing nature due to the cleistogamous flower structure [15]. Nevertheless, in wild
cowpea African populations, 1% to 9.5% outcrossing as well as gene flow from cultivated
to wild cowpea still occurs [16]. This further underscores the importance of evaluating
the performance of cowpea as a food security crop under the current and foreseeable
future scenarios.
The limited number of cowpea breeding programs in Mozambique has contributed to
the country’s ineffectiveness at taking advantage of the continent’s high genetic potential.
A significant pool of cowpea genetic resources is thought to be available, but the limited
detailed information about the diversity of its germplasm makes it difficult for breeding
programs to thrive. In this region, most smallholders relay on local landraces which harbor
a great genetic potential for cowpea improvement [17], including the presence of tolerant
genotypes [18]. Unlike commercial varieties, landraces maintained by farmers usually have
high levels of genetic variability as they have evolved from years of uncontrolled cross-
regional and infield genetic exchange, even between previously released and discontinued
open pollinated varieties [19]. This results in a rich collection of genetic resources adapted
to a wide range of agro-ecological niches that constitute a source of stress tolerance genes.
In this context, the aim of this study was to (1) assess the morphological diversity of cowpea
accessions from 10 Central Mozambique landraces spread across six agro-ecological zones
where cowpea is an integral component of agricultural systems and (2) to help identify
candidate materials to be used as promising sources in breeding programs, contributing to
the establishment of a unified core cowpea collection.
2. Materials and Methods
2.1. Plant Material and Morphological Characterization
Fifty-nine accessions collected in 10 Central Mozambique landraces spanned through-
out three central Mozambique provinces and six agro-ecological zones (AEZs), where
cowpea is an integral component of local cropping systems, were used in this study
(Table 1). Additionally, two widely exploited commercial cultivars (IT16 and IT18) released
by the Mozambican Institute of Agricultural Research (IIAM) were also used in this study
for comparison. Six accessions were collected in the AEZ R10, in the Zambeze highlands,
i.e., the Gurué District. AEZ R10 is a high altitude zone covering the Zambezia, Tete,
and Manica highlands [17]. Also, in the Zambezia province, 12 additional accessions
Agronomy 2021, 11, 991 3 of 12
were collected in three communities of the AEZ R7, a medium altitude zone spanning
across Zambezia and Tete provinces in Central Mozambique and Nampula, Niassa and
Cabo Delgado provinces in Northern Mozambique. In central Mozambique drylands,
encompassing the AEZ R6, in the Manica province, 26 accessions were collected in the
Tambara central Business District (23) and Sede Nova (3). In the Sofala province, three
accessions were collected in Maringué, within AEZ R5, which covers mainly inland and
coastal areas of the lower Sofala. Seven accessions were collected in two sites of AEZ
R4, namely Nhamatanda (Sofala) and Matsinho (Manica). AEZ R4 is a medium altitude
zone covering most districts of southern and central Manica province, interrupted by the
Manica highlands (AEZ R10). AEZ R4 also covers a slight part of the southeast of the
Sofala province. Lastly, five accessions were collected in the Machaze district, which falls
within AEZ R3, a lower altitude zone spanning across North and Central Gaza, Western
Inhambane, and linking with AEZ R4 in Machaze, in the southern Manica province.
Table 1. List of the cowpea [Vigna unguiculata (L) Walp] accessions used for the morphological
study, sorted by province, agro-ecological zone, latitude, longitude, and collection sites. The two
commercial cultivars—IT8 and IT16—used as controls in the study are also indicated. N indicates the
number of accessions studied within each landrace. From each accession, 10 replicates were used in
the morphological study totalling 610 specimens.
Origin Abbreviation Province AEZ N Latitude Longitude
Gurue GUR North Zambezia R10 6 −15.4714 36.9809
Namarroi NAM North Zambezia R7 4 −15.9539 36.8658
Muchela MUC Central Zambezia R7 4 −17.3111 37.5147
Lucas
Branco LUC South Zambezia R7 4 −17.4919 37.0289
Nhamatanda NHA Central Sofala R4 4 −19.2692 34.2128
Maringue MAR Central Sofala R5 3 −17.9644 34.3906
Tambara TAM North Manica R6 23 −15.1258 32.0558
Sede Nova SED North Manica R6 3 −19.1164 33.4833
Matsinho MAT Central Manica R4 3 −18.9511 33.2686
Machaze MAC South Manica R3 5 −20.2456 34.1697
IT16 Commercialcultivar - 1 - -
IT18 Commercialcultivar - 1 - -
Morphological characterization studies were conducted at the Instituto Superior Po-
litecnico de Manica Experimental Station and the Biotechnology Laboratory in Vanduzi,
Mozambique. Cowpea seeds were sown in polyethylene bags of 13 × 13 × 21 cm, 3.5 L
volume, filled with 3 kg of a dark colored and sandy loam textured Gleysol collected from
the experimental station of the Instituto Superior Politecnico de Manica, characterized by
pH of 6.72, 5.10 ppm of nitrogen (NO3-N), 19.8 ppm phosphorus (P-Olsen), 14.5 ppm ok
potassium (K), and 2.04% soil organic carbon (SOC). Bags were organized in a randomized
complete block design using 10 replicates per each accession. The bags were grouped by
agroecological zone and collection site with the commercial cultivars placed randomly
within the trial. A 1 × 1 m spacing was left between bags to allow growth of prostate mate-
rials. Two seeds were planted per bag and tined to 7 days after emergence. Morphological
characterization was based on 34 qualitative and quantitative traits retrieved from the list
of the Bioversity International cowpea descriptors [20] (Table S1). That included nine traits
linked to seed (seed shape, seed color, testa texture, eye pattern, eye color, seed length,
width, thickness, and weight), 19 vegetative traits (hypocotyl length, leaf color, texture and
marking, terminal leaflet shape, length and width, number of main branches, number of
nodes on main stem, stipule width and length, growth habitat, twinning tendency, plant
pigmentation, hairiness, vigor height, and diameter and stem diameter), two traits related
to pest and disease susceptibility (early pests and rust incidence), and four inflorescence
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and fruit traits (flowering pigment pattern, flower color, days to flowering, and days to
first mature pods). Vegetative, pest and disease susceptibility, and inflorescence traits were
measured in the field between the 3rd and 8th week as recommended by the Bioversity
International Cowpea Descriptors [20]. Seed related traits were measured at harvest in 10
mature seeds excluding those from the extremities of the pods.
2.2. Data Analysis
For the 16 quantitative (continuous) variables, descriptive statistics as average, max-
imum, minimum, and standard deviation were calculated using SPSS version 26.0 [21].
To test for differences between landraces, a univariate ANOVA was calculated for each
of these quantitative traits followed by post-hoc Scheffe comparisons. For the 18 nomi-
nal discrete data, mode values were computed followed by a Chi-square test to test for
differences between landraces. Grids for all significant traits were generated in R, with a
cell size of 30 s (which corresponds to approximately 1 km in the study area), applying
a 1.5-degree circular neighborhood diameter. The circular neighborhood was used to
re-sample the composition of a landrace to all surrounding grid cells, with a size of 30 s
and within a diameter of 1.5 degrees around its location. A principal component analysis
(PCA) based on quantitative variables was performed to show the distribution of the
cowpea samples and to detect any specific clustering on a two-dimension plane. Euclidean
distances of the morphological traits were calculated using the Unweighted Pair Group
Method with Arithmetic averaging (UPGMA) in the MVSP version 3.0 (Provalis Research,
Montreal, Canada).
3. Results
From all 16 quantitative traits measured, seven showed similar values between all cow-
pea landraces, and the two commercial varieties: terminal leaflet length (112.92 ± 23.47 mm),
terminal leaflet width (72.44 ± 19.62 mm), number of main branches (15.58 ± 5.27), number
of nodes (11.84 ± 3.11), stipule width (5.37 ± 1.11 mm), stipule length (14.48 ± 3.37 mm),
and plant diameter (4.28 ± 0.96 mm) (Table 2).
Table 2. Quantitative traits of Vigna unguiculata across 610 specimens measured. Values indicate
mean ± SE and maximum and minimum range values in parentheses found across the landraces
studied. Comparisons between landraces were performed with one-way ANOVA. *** p < 0.001.
Quantitative Traits Mean ± SE F Values
Seed length (mm) 7.80 ± 1.74(2.90–13.10) 64.316 ***
Seed width (mm) 6.50 ± 1.37(1.65–9.99) 31.960 ***
Seed thickness (mm) 4.63 ± 1.69(0.23–7.66) 18.886 ***
Seed weight (mg) 14.94 ± 4.64(9.96–37.39) 114.918 ***
Hypocotyl length (mm) 22.57 ± 5.94(2.01–43.07) 13.216 ***
Terminal leaflet length (mm) 112.92 ± 23.47(9.03–201.31) 9.273
Terminal leaflet width (mm) 72.44 ± 19.62(4.41–145.79) 18.075
Number main branches 15.58 ± 5.27(4.00–28.00) 8.049
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Table 2. Cont.
Quantitative Traits Mean ± SE F Values
Number nodes 11.84 ± 3.11(4.00–24.00) 8.428
Stipule width (mm) 5.37 ± 1.11(2.14–8.96) 1.521
Stipule length (mm) 14.48 ± 3.37(5.73–24.48) 1.288
Height (mm) 9.25 ± 1.83(4.06–16.80) 14.209 ***
Plant diameter (mm) 4.28 ± 0.96(2.01–9.92) 10.756
Stem diameter (mm) 12.66 ± 3.15(4.95–23.14) 10.909 ***
Days to flowering 71.40 ± 22.4053.00–119.00) 61.151 ***
Days to first mature pods 86.86 ± 20.72(62.00–115.00) 49.827 ***
A one-way ANOVA showed significant differences between landraces in the remain-
ing nine quantitative traits measured: seed length, width, thickness and weight, hypocotyl
length, height, stem diameter, days to flowering, and days to first mature pods (Table 2).
Three traits related to seed (length, width, and thickness) were found to be significantly
higher on Maringué (MAR), and on the two cultivars, than on the remaining landraces,
while a fourth seed trait (weight) was only higher in MAR (Figure 1). Spatial interpolation
of these morphological traits indicated a gradient of values with the highest ones occurring
in the central areas of Mozambique (Figure 2).
Hypocotyl length was found to be significantly higher on Lucas Blanco (LUC) than
on the remaining landraces, while plant height was found to be higher in Muchela (MUC)
(Figure 1). Spatial interpolation of these traits indicated a gradient of values with the
highest ones occurring on the coast of Mozambique (Figure 3A,B). Plant diameter was
very high in all accessions showing no significant changes between landraces, although
the commercial cultivar IT18 presented significantly lower values (Figure 1). Accessions
from four landraces (MAR, NHA, SED and TAM) showed the highest number of days
to flowering and to first mature pods (Figure 1), with a gradient of values predicted to
decrease from the central areas to the South, and most specially the North of Mozambique
(Figure 3C,D).
From the 18 qualitative traits, only 3 showed significant differences between landraces
based on the Chi-square test: seed color, eye color, and flower color (Table 3, Figure S1).
Seed color varied from cream to black with a predominance of cream seeds; eye color
varied from white/cream to dark brown with a predominance of white; flower color varied
from violet to mauve-pink with a predominance of violet (Figure 4). The population of
Machaze showed the widest range of traits (Figure 4).
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Table 3. Qualitative trait mode value, and maximum and minimum range values for Vigna unguiculata
populations studied. Comparisons between landraces were performed with a Chi-square test.
*** p < 0.001. See Table S1 for a full description of International cowpea descriptors.
Qualitative Traits Mode Minimum and MaximumRange χ
2
Seed shape Ovoid Kidney to rhomboid 71.328
Seed color Cream Cream to black 195.902 ***
Texta texture Smooth Smooth to rough 7.656
Eye pattern Absent Absent to very small 62.131
Eye color White/cream White/cream to dark brown 388.689 ***
Leaf color Pale green Pale green to dark green 73.862
Leaf texture Cariaceous Cariaceous to membranous 96.961
Leaf marking Present Absent to present 98.059
Terminal leaflet shape Sub-hastate Globose to hastate 39.834
Growth habitat Indeterminate,spreading not climbing Indeterminate to determinate 62.393
Twinning None None to pronounced 44.426
Plant pigmentation Moderate None to solid 43.921
Plant hairiness Short appressed hairs Short to pubescent hairs) 21.715
Plant vigor Very vigorous Non-vigorous to very vigorous 47.598
Pest incidence Non-infested Non-infested to low infestation 78.901
Rust incidence Non-susceptible Non to high susceptible 90.931
Flowering pigment Pigmented margins None to completed pigmented 26.282
Flower color Violet White to mauve-pink 457.075 ***
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A PCA with all morphological traits explained 39.18% of the total variance among the
610 cowpea specimens, using an eigenvalue greater than one as the measure of significance
of a principal component (Figure 5). No strong spatial clustering was found in the PCA
plot except for MAR and MUC. The two cultivars were clustered within cowpea accessions
collected in the landraces.




Figure 5. Distribution of the 610 cowpea specimens, according to the first and second principal 
components. The different colors indicate the landraces following Table 1. The two cultivars are 
also indicated. 
In accordance with the PCA, the UPGMA cluster analysis showed several clusters 
among landraces, although a stronger special effect was seen in MAR and MUC (Figure 
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4. Discussion
4.1. Importance of Morphological Traits in Cowpea Landraces
Morphological traits have for years formed the backbone of breeders’ attempts to
capture the phenotypic differences among genotypes not only in cowpea [22], but also in
several other crops worldwide [23–25]. These traits are a straightforward tool to estimate
diversity and select parental lines for crossing [23], particularly in financially constrained
agricultural research and development contexts such as the ones occurring in Africa. Thus,
despite the important value of cowpea in Mozambique, to our knowledge, our study
provides the most comprehensive investigation of the morphological diversity existing in
the landraces of that country.
According to our results, the use of quantitative and qualitative morphological traits
explained 39.18% of the total variance observed, which is higher than reported by [26].
The fact that most of the traits measured were uniform across landraces, except the ones
related to seed (seed length, width, thickness, and weight), suggests the existence of gene
flow between landraces. In fact, a low genetic differentiation was previously found in
these landraces due to crossbreeding between individuals coupled with seed exchange
promoted by farmers [17]. Over the long rural distances in Africa, certified commercial
seeds do not reach all farmers and, as they are expensive, farmers tend to recycle varieties
between them [27]. Therefore, it is not surprising to find similar results between landraces
despite using a high number of traits (34 morphological features) that were retrieved from
the list of the Bioversity International cowpea descriptors.
However, a high contribution to inter-landrace variation from qualitative traits, such
as seed, eye, and flower color was found in our study. In cowpea, a high contribution
to variance from qualitative morphological traits was also reported by [28,29], and also
by [30] in grapes and by [31] in apricots. This shows that qualitative traits can be a low
cost and resourceful tool to map diversity in cowpea germplasm collections. However,
it can be misleading if used alone, mainly to track intra-landrace variation [32]. For in-
stance, a previous genetic study on cowpea landraces found no specific genetic clustering
in the different AEZs [17], in accordance also with the morphological results found here.
However, that study, although based on a small sample size, revealed the existence of
four different genetic groups that we did not find here: one cluster was predominant and
grouped all accessions from North Zambezia and most accessions from Sofala and Central
Manica; the second cluster characterized Central and South Zambezia accessions; the third
clustered accessions from North Manica as well as Central Sofala; the fourth cluster was
exclusively composed of accessions from South Manica. Genetic divergence is not always
accompanied by phenotypic (morphological, physiological, and/or behavioral) traits due
to silent mutations or phenotypic convergences that drive local adaptation [33]. Functional
morphological traits are usually associated with reproductive success or physiological
performance being particularly important population-level mechanisms that promote
divergence and adaptation, and being sometimes divergent from genetic results [34,35].
Therefore, using mixed qualitative and quantitative morphological datasets and incorpo-
rating molecular tools such as SSR markers can add value to the analysis in the context of
breeding programs.
4.2. Diversity in Landraces and Cowpea Commercial Varieties
Centers of origin are important sources of variability, which is a central key in breeding
programs. Cowpea has its center of origin in Africa, where a high degree of genetic and
morphological diversity can still be found [14,36,37]. However, the broad range of diversity
that still exists in landraces might be subjected to losses due to the introduction of modern
uniform crop varieties [38]. Indeed, cowpea genetic erosion and uniformity based on
breeding programs is commonly found in the varieties produced outside the center of
origin such as Europe and the USA.
However, according to our results, Mozambican cowpea landraces retain a high level
of morphological diversity, corroborating a previous genetic analysis that showed a high
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degree of genetic admixture [17]. The two cultivars also showed no clear differentiation
with the wild accessions collected in the landraces suggesting that the genetic diversity
of these two commercial varieties were still close to that of the wild accessions. In the
present study, the principal component analysis (PCA; Figure 5) and the UPGMA tree
(Figure 6) also showed no clear morphological differentiation between modern varieties and
landraces. In fact, we found that the two cultivars (IT16 and IT18) showed no differences
in the traits measured except for seed length, seed width, and seed thickness that were
found to be higher than in most landraces but similar to the values found for Maringué
(MAR), where these traits also exhibit high values (Figure 1). The remaining traits showed
no significant differences between landraces and the commercial varieties except for plant
diameter which presented significantly lower values in IT18 than in landraces (Figure 1).
Indeed, significant increases in traits related to yield are expected to occur in commercial
varieties, but our results indicate that some local cowpea genotypes still retain valuable
traits that could be used in breeding programs.
4.3. Guidelines for Future Breeding Programs
Local landraces are derived from natural adaptation to local environmental conditions
that are usually maintained in a traditional farming system, and therefore might harbor key
traits for breeding programs. Morphological traits constitute useful selection markers for
cowpea yield and nutritional quality, especially in the case of landraces [39–41]. According
to the results regarding quantitative traits, the most striking differences were observed in
seed-related parameters. Accessions from Maringué (MAR) were nearly comparable to
those from the commercial cultivars (seed length, width, and thickness), but presented
the highest seed weight. Maringué also showed the highest number of days to flowering
and to mature pods together with Nhamatanda (NHA), Sede Nova (SED), and Tambara
(TAM); Figure 1). While seed weight is a yield indicator [40,41], late-flowering correlates
with higher protein contents due to the higher availability of nitrogen remobilized from
senescing leaves and stems [42]. Regarding the qualitative traits, the color of seeds, eye
color, and flower color also presented significant differences between landraces. Such
parameters, particularly seed coat color, have been related with the abundance of soluble
sugars in the following order: pinkeye > browneye ≥ blackeye > cream ≥ red ≥ black [39].
Cream beans were abundant in all landraces, particularly in MAR (Figure 4A), in which
almost half of the accessions had a brown eye. Taken together, the results suggest that
MAR landrace has the most promising accessions for breeding: high yield, as well as high
protein and sugar contents. Further nutritional analysis would be necessary to confirm this
hypothesis. Given the limitation of water resources, the perceived threat of climate change,
and the need of mitigation strategies [17], studies that address traditional and indigenous
crops hold a key role for future food security.
5. Conclusions
This study showed an enormous morphological variability among cowpea genotypes
grown in Mozambique. This diversity is important since it can help to lay the foundation
for successful cowpea breeding programs that are needed to design elite varieties that
could sustain the most common biotic and abiotic stress in local farming environments.
Using low-cost and smart screening approaches as morphological traits to identify critical
sources of variability and eco-types of interest for future lines would add value to local
breeding programs. Our results also provide guidance involving which landraces should
be prioritized in situ and ex situ conservation of cowpea, to boost the value of this crop as
an important native genetic resource for food security in Mozambique.
Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/agronomy11050991/s1, Figure S1: Frequency plots for the qualitative traits measured in
the 610 analyzed specimens of Vigna unguiculata. Table S1: Characterization of the 34 Bioversity
International cowpea descriptors used to assess morphological variation in Vigna unguiculata.
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